INTRODUCTION
============

Previous studies have shown that the annual incidence rate of traffic crashes is 34.1 per 100 000 persons in Iran, whereas this rate is 18.0 per 100 000 globally \[[@b1-jpmph-50-2-83]\]. Furthermore, traffic crashes are known to be the second most common cause of death and the greatest cause of years of potential life lost in Iran \[[@b2-jpmph-50-2-83]\]. In general, years of life lost due to early deaths related to this phenomenon in Iran are higher than in the Eastern Mediterranean and the rest of the world \[[@b3-jpmph-50-2-83]\].

The only serious and effective action for controlling traffic crashes is the implementation of preventive interventions. However, if these interventions are not designed properly, they may lead to the waste of available resources. Typically, the population attributable fraction (PAF) is used to persuade health system policymakers to implement an intervention. The assumption for calculating the PAF is a decrease in the prevalence of exposure to a specific risk factor to zero \[[@b4-jpmph-50-2-83]\]. However, complete removal of exposure to a risk factor is impossible at the community level. Although this index is used for prioritizing risk factors, it is not suitable for planning goals. Therefore, policymakers usually want to know what changes in the disease burden or morbidity rate can be expected if the prevalence of a risk factor decreases to the expected level \[[@b5-jpmph-50-2-83]\]. Therefore, the potential impact fraction (PIF) is calculated; it is defined as a decrease in the fraction of a disease as a result of a change in the present distribution of the risk factors (avoidable burden) \[[@b6-jpmph-50-2-83]\]. Determining this index is more important for public health, health system policymakers, and the people financing preventive interventions.

The World Health Organization (WHO) has recommended measures for the prevention of road traffic injuries for a number of risk factors, but thus far, no investigation has been conducted on the suitability of these activities and their prioritization in Iran. Therefore, the goal of the present study was to prioritize preventive interventions regarding traffic crashes and to provide necessary information to health system policymakers and decision-makers for nationwide macro-planning; this prioritizing is done on the basis of the avoidable burden of risk factors.

METHODS
=======

In this research, the data documented in the National Register of Accidents by the police were used. We examined all types of crashes that occurred in Iran in 2012, including those that caused death, injury, or damage. Injury, in this study, refers to any type of physical or mental problem suffered by the driver or the other occupants of a vehicle as a result of an accident, while, according to the police department, non-injury crashes are those involving a damaged vehicle but no injury to the occupants. The risk factors investigated in this study were those for which the WHO has suggested certain main preventive strategies. For calculating PIF, the factual prevalence of exposure to the risk factor, the effect size of the risk factor, and the counterfactual prevalence of exposure to the risk factor (hypothetical prevalence) are required. The factual prevalence of exposure to the risk factor and the effect size were obtained from the registered data. The adjusted effect size was obtained by using an ordinal regression model in the form of the adjusted odds ratio (OR) for confounding factors. In this model, the dependent variable was severe traffic crashes (those that caused death or injury). The category of non-injury crashes was considered the reference. Since the data documented by the police system did not contain the risk factors of cell phone use while driving and non-use of child restraints, the prevalence of these two risk factors was obtained from other studies conducted in Iran \[[@b7-jpmph-50-2-83],[@b8-jpmph-50-2-83]\]. The effect size of cell phone use while driving and non-use of child restraints was estimated using other studies in terms of the OR and the relative risk, respectively \[[@b9-jpmph-50-2-83],[@b10-jpmph-50-2-83]\]. The chi-square test revealed no statistically significant difference among different age groups with respect to the prevalence of exposure to the risk factors. Therefore, prevalence was not calculated according to age groups. It was calculated according to sex and urban vs. rural types of roads. Counterfactual prevalence was determined for three levels: the theoretical minimum risk level, the plausible minimum risk level, and the feasible minimum risk level.

Theoretical Minimum Risk Level (Scenario 1)
-------------------------------------------

This level for all risk factors (drunk driving, drug abuse by the driver, driver fatigue and drowsiness, non-use of driver-side seat belts, non-use of motorcycle helmets, cell phone use while driving, non-use of child restraints, insufficient road lighting, road defects, and vehicle defects) was considered to be zero.

Plausible Minimum Risk Level (Scenario 2)
-----------------------------------------

This level was defined as the level of potential prevalence decrease for risk factors in Iranian society. This level was determined by experts and by using the Delphi method. First, some questions were posed by the researchers regarding the plausible minimum risk level; then, a group of experts, consisting of a policymaker, an epidemiologist, a traffic crash specialist (from the Law Enforcement Force of Islamic Republic of Iran), and a physician working in the trauma section, was requested to state its comments and start discussing them. After reaching a conclusion, the plausible minimum risk level for each factor was determined. Finally, the researchers determined the level of prevalence decrease for the risk factors after considering the views of all the experts.

Feasible Minimum Risk Level (Scenario 3)
----------------------------------------

This is the level of exposure decrease that other communities have achieved. The risk factors were identified by a comprehensive review of the existing literature \[[@b11-jpmph-50-2-83]\], and the lowest level for these factors was chosen. This level was determined by the experts for some other risk factors for which no related studies were found.

Then, the avoidable burden of traffic crashes when a preventive intervention was provided in the abovementioned scenarios was calculated using [equation 1](#DF1){ref-type="disp-formula"}.
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Here, *RR* represents a general term related to one of the measurement indices of association (effect), namely relative risk, rate ratio, OR, and hazard ratio. *P*, *P^´^*, and n represent the factual prevalence of exposure to the risk factor, counterfactual prevalence (hypothetical), and high level of exposure, respectively.

Joint Effect of Risk Factors
----------------------------

[Equation 2](#DF2){ref-type="disp-formula"} was used for estimating the joint effect of avoidable burden as a result of a simultaneous prevalence decrease in the considered risk factors.
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Sensitivity Analysis
--------------------

Given the uncertainty of prevalence, random errors, and the obtained estimates, in addition to calculating the PIF for estimating the point prevalence, we calculated the 95% confidence interval (CI) for the PIF. For this purpose, \@Risk version 6 (Palisade Co., Ithaca, NY, USA) was used along with a uniform distribution, 2000 iterations, and the Monte Carlo simulation method. Then, values between 2.5% and 97.5% were reported as the estimate of the 95% uncertainty.

RESULTS
=======

[Table 1](#t1-jpmph-50-2-83){ref-type="table"} presents the characteristics of the drivers involved in all the crashes. As can be seen, in the case of urban roads, the mean age of males and females was 33.57±11.79 years and 32.42±8.98 years, respectively, and for rural roads, it was 35.16 ±11.42 years and 32.06±8.23, respectively. [Table 2](#t2-jpmph-50-2-83){ref-type="table"} presents the exposure prevalence for different risk factors (real and counterfactual). The highest factual prevalence was of the non-use of motorcycle helmets on urban roads (47.50%; 95% CI, 46.96 to 48.05%) and on rural roads (51.70%; 95% CI, 51.14 to 52.25%). Further, the counterfactual prevalence for this risk factor was the highest at the plausible minimum risk level. [Table 3](#t3-jpmph-50-2-83){ref-type="table"} presents the effect size and 95% CI according to urban and rural roads and sex. In this analysis, the largest measure of effect was related to the risk factor of speeding, with values of 5.75% (95% CI, 4.34 to 7.61%) and 5.00% (95% CI, 4.71 to 5.25%) for females and males, respectively. These numbers for rural roads were 14.87% (95% CI, 10.91 to 18.54%) and 12.8% (95% CI, 12.06 to 13.59%), respectively.

The counterfactual prevalence in every scenario and the calculated PIF according to urban and rural roads are presented in [Table 4](#t4-jpmph-50-2-83){ref-type="table"}. The maximum PIF for death and injury was attributed to the non-use of safety belts on rural roads; here, the PIF for the theoretical, plausible, and feasible levels was 52.25 (95% CI, 47.28 to 57.21), 28.63 (95% CI, 25.89 to 69.11), and 46.67 (95% CI, 43.14 to 52.20), respectively. The lowest PIF for the theoretical, plausible, and feasible minimum risk levels in males was found for drunk driving, with values of 0.28 (95% CI, 0.25 to 0.30), 0.14 (95% CI, 0.12 to 0.15), and 0.28 (95% CI, 0.25 to 0.30), respectively. These rates for females were 0.25 (95% CI, 0.22 to 0.27), 0.13 (95% CI, 0.11 to 0.14), and 0.25 (95% CI, 0.22 to 0.27), respectively. The maximum PIF for rural roads was related to unauthorized speed ([Table 4](#t4-jpmph-50-2-83){ref-type="table"}). If this values decreases to the level shown in the [Table 4](#t4-jpmph-50-2-83){ref-type="table"}, it will be possible to more effectively prevent the burden of traffic crashes. The joint effect of exposure to the studied risk factors related to traffic crashes is shown in [Figure 1](#f1-jpmph-50-2-83){ref-type="fig"} according to sex. The joint effect of the risk factors for both sexes was higher in the case of rural roads than in the case of urban roads.

DISCUSSION
==========

The maximum PIF for urban areas was found for the following items (in descending order): non-use of child restraints, cell phone use while driving, unauthorized speed, non-use of motorcycle helmets, and non-use of driver-side seat belts. The maximum PIF for rural areas was as follows (in descending order): unauthorized speed, non-use of child restraints, cell phone use while driving, non-use of motorcycle helmets, and non-use of driver-side seat belts. If it is possible to decrease the prevalence of the non-use of child restraints to zero or to the levels evaluated in this study, that will correspond to the maximum avoidable burden in urban areas. Although the non-use of child restraints had lower OR than the other factors, because of its higher prevalence, it was found to have a higher priority. Because both the prevalence and the effect size of a risk factor are used for calculating the PIF, the removal of or decrease in exposure to high severity and an average increase in the risk level have the same (or less) effect nationwide as the removal of a rare risk factor that poses a considerably greater risk of disease \[[@b12-jpmph-50-2-83]\].

It was estimated in a study conducted in the US that 22% of the burden due to traffic crashes can be avoided by preventing cell phone use while driving \[[@b13-jpmph-50-2-83]\]. While this rate was 7% on average in that study, it was estimated to be 30% in Iran. The second priority in urban areas is unauthorized speed. It is possible to lose control of a vehicle when driving it at a high speed; the driver's reaction time is also slow in such a case. Therefore, there is a possibility of severe traffic crashes. In fact, a 5% increase in the average speed has been shown to lead to 10 and 20% increases in injuries and deaths, respectively \[[@b14-jpmph-50-2-83]\]. In rural areas, the prevalence and the OR of unauthorized speed are greater than in urban areas, and hence, this risk factor has the highest priority in rural areas. The second and the third highest priorities in these areas are the non-use of child restraints and cell phone use while driving. Recently, because of the introduction of a strict seat-belt use law and the success of the police in enforcing it, the prevalence of the latter risk factor has decreased; however, it is still a priority. Although the motorcycle helmet use law is obligatory, it is not followed seriously, and the prevalence of the related risk factor is so high that its priority is higher than that of seat belt use.

The other studied risk factors included drunk driving and drug abuse. It is estimated that 53% of the deaths caused by traffic crashes in the US are associated with drunk driving \[[@b15-jpmph-50-2-83]\]. However, this factor is less important because of its low prevalence in Iran. This may be attributed to the following two reasons: First, an alcohol detection test is not given to all drivers involved in accidents; only if the police are suspicious of a driver is the alcohol test administered. Second, police reports of a driver's consumption of alcohol in connection with accidents are insufficient. However, the prevalence of alcohol and drug abuse among Iranian drivers is low, and taking measures against such abuse is not a top priority. Although driver fatigue and drowsiness while driving is not considered important in urban areas, it is rather important in rural areas. Different studies have found various values of the burden of traffic crashes caused by this factor. These values have been reported to be 13% \[[@b15-jpmph-50-2-83]\], 33% \[[@b16-jpmph-50-2-83]\], and 10% \[[@b17-jpmph-50-2-83]\], in the US, Australia, and France, respectively; the difference in these values is associated with the prevalence difference in various countries. In general, the most avoidable burdens are those that are due to human factors. Insufficient road lighting was the most important environmental factor. Its importance can be attributed to driving at night, which is usually accompanied by fatigue and drowsiness; these factors together increase the possibility of accidents.

For some risk factors such as the non-use of motorcycle helmets, the PIF for the theoretical minimum risk level is equal to that of the plausible minimum risk level. This indicates that the prevalence can be decreased to zero, as some other communities have been able achieve this. It also shows that preventive measures have been effective. Therefore, investigations on methods of decreasing the prevalence of risk factors should be conducted according to their priority. Moreover, some present measures must be developed further and followed seriously. Interpreting the effects of the decreased prevalence of a risk factor on the death and injury rate is difficult because these changes may have been brought about by factors other than the considered risk factors and/or by a combination of several risk factors that become involved simultaneously. The joint effect of the considered risk factors, which is close to 100%, showed that these factors were more important in rural areas than in urban areas. In other words, in the absence of the risk factors examined in this study, the risk of traffic crashes is very low. The joint effect of the risk factors is less than 100% in urban areas; this could be attributed to the presence of other risk factors in these areas. The theoretical minimum risk level is similar to the PAF and can be used as a guide for conducting further research on these risk factors and developing the resources to do so. The exposure distribution for the theoretical minimum risk level may depend on the sex and age variables, but in general, it is independent of the geographical area. The plausible and feasible minimum risk levels differ in various populations according to the present distribution of the disease burden, accessible resources, and facilities for exposure decrease \[[@b18-jpmph-50-2-83]\].

One of the strengths of this study is the large volume of data and the use of data obtained at the national level. Moreover, the effects of the considered risk factors were obtained from a nationwide source that was adjusted for confounders. The prevalence of risk factors according to sex and urban and rural areas was used on the basis of the updated data. However, this study had some limitations. The Iranian police use the KAM114 form to document all crashes. They gather information for all five fields. Some of the values are provided by occupants and obviously, might be subject to underestimation. In other words, information regarding age, sex, education, occupation, and confunding factors in the five fields is recorded in the KAM114 form by the police, and there are no limitations in this regard. However, there were some missing factors in the variables, which were estimated using multiple imputation. Registered deaths were those in the database that occurred at the crash site. They do not include deaths that occurred in hospitals and/or 30 days after the accidents. This is because other databases do not contain any data about risk factors and thus, could not be linked to the database that we used. The data regarding the risk factors of cell phone use while driving and non-use of child restraints were not registered by the police, and their effect size used in the PIF and PAF calculations is based on other studies, as was their prevalence value.

The priorities that we determined for implementing preventive strategies in urban areas are as follows: use of child restraints, no use of cell phones while driving, speed management, use of motorcycle helmets, use of driver-side seat belts, lack of road defects, better road lighting, prevention of driver fatigue and drowsiness, no use of drugs, and no use of alcohol.

Further, the priorities that were identified for rural areas are as follows: speed management, use of safety belts, no use of cell phones while driving, use of motorcycle helmets, prevention of driver fatigue and drowsiness, better road lighting, lack of road defects, lack of vehicle defects, no use of drugs, and no use of alcohol.
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###### 

Characteristics of drivers in all crashes

  Road type   Sex      Frequency   Age             Outcome                       
  ----------- -------- ----------- --------------- ------------ ---------------- ----------------
  Urban       Male     147 178     33.57 ± 11.79   1282 (0.9)   84 678 (57.5)    61 218 (41.6)
              Female   11 586      32.42 ± 8.98    32 (0.3)     5889 (51.7)      5565 (48.0)
  Rural       Male     68 879      35.16 ± 11.42   4043 (5.9)   28 189 (40.9)    36 647 (53.2)
              Female   2177        32.06 ± 8.23    112 (5.1)    836 (38.4)       1229 (56.5)
  Total                229 820     33.97 ± 11.56   5469 (2.4)   119 692 (52.1)   104 659 (45.5)

Values are presented as mean±standard deviation or frequency (%).

###### 

Prevalence (real and counterfactual) of the risk factors

  Risk factors                                               Factual prevalence     Counterfactual prevalence                                           
  ----------------------------------- ---------------------- ---------------------- --------------------------- ------- ------- ------- ------- ------- -------
  Unauthorized speed                  Male                   19.70 (19.53, 19.68)   27.2 (27.01, 27.38)         0.00    10.00   5.00    0.00    14.00   5.00
  Female                              16.20 (16.04, 16.35)   20.6 (20.43, 20.76)    0.00                        8.00    5.00    0.00    10.00   5.00    
  Drunk driving                       Male                   1.90 (1.84, 1.95)      2.00 (1.94, 2.05)           0.00    0.95    0.00    0.00    1.00    0.01
  Female                              1.20 (1.15, 1.24)      0.80 (0.76, 0.83)      0.00                        0.60    0.00    0.00    0.40    0.01    
  Drug abuse                          Male                   2.40 (2.33, 2.46)      3.00 (2.96, 3.03)           0.00    1.20    0.02    0.00    1.50    0.02
  Female                              1.40 (1.35, 1.44)      1.40 (1.35, 1.44)      0.00                        0.70    0.02    0.00    0.70    0.02    
  Driver fatigue and drowsiness       Male                   4.20 (4.11, 4.28)      13.50 (13.36, 13.63)        0.00    0.50    1.00    0.00    7.80    1.00
  Female                              3.50 (3.42, 3.57)      12.90 (12.76, 13.03)   0.00                        1.75    1.00    0.00    6.50    1.00    
  Non-use of driver-side seat belts   Male                   30.00 (29.79, 30.20)   40.60 (40.38, 40.81)        0.00    15.00   4.00    0.00    20.30   4.00
  Female                              27.10 (26.90, 27.29)   37.40 (37.18, 37.61)   0.00                        13.50   4.00    0.00    18.70   4.00    
  Non-use of of motorcycle helmets    Male                   47.50 (46.96, 48.05)   51.70 (51.14, 52.25)        0.00    24.00   0.00    0.00    26.00   0.00
  Insufficient road lighting                                 29.60 (29.41, 29.78)   31.50 (31.31, 31.68)        0.00    15.00   7.00    0.00    15.00   7.00
  Road defects                                               10.30 (10.17, 10.42)   22.30 (22.12, 22.47)        0.00    36.00   13.30   0.00    36.00   13.30
  Vehicle defects                                            4.70 (4.61, 4.78)      6.30 (6.20, 6.39)           0.00    14.70   2.00    0.00    15.70   2.00
  Cell phone use while driving                                                                                                                          
   Other studies                                             30.00 (29.81, 30.18)   0.00                        5.10    3.00            11.10   2.00    
  Non-use of child restraints                                                                                                                           
   Other studies                                             72.00 (68.89, 75.11)   0.00                        2.30    3.00    0.00    3.10    3.00    

Values are presented prevalence (95% confidence interval).

###### 

The effects of risk factors

  Risk factor                                   Category   Urban roads          Rural roads                               
  --------------------------------------------- ---------- -------------------- ------------------- --------------------- ----------------------
  Speeding (ref: legal)                         Illegal    5.00 (4.71, 5.25)    5.75 (4.34, 7.61)   12.8 (12.06, 13.59)   14.87 (10.91, 18.54)
  Drunk driving (ref: no)                       Yes        1.15 (1.13, 1.167)   1.21 (1.08, 1.36)   1.69 (1.36, 1.84)     2.09 (1.91, 2.28)
  Drug abuse (ref: no)                          Yes        1.57 (1.45, 1.69)    1.37 (1.05-1.77)    1.72 (1.55, 1.91)     2.96 (1.63, 5.37)
  Driver fatigue and drowsiness (ref: no)       Yes        1.37 (1.29, 1.46)    1.30 (1.05, 1.62)   2.03 (1.69, 2.42)     1.92 (1.65, 2.23)
  Non-use of driver-side seat belts (ref: no)   Yes        1.47 (1.22, 1.79)    1.67 (1.61, 1.91)   1.97 (1.89, 2.28)     1.85 (1.86, 2.05)
  Non-use of motorcycle helmets (ref: yes)      No         1.55 (1.48, 1.74)    N/A                 1.96 (1.70, 2.27)     N/A
  Insufficient road lighting (ref: light)       Dark       1.20 (1.12, 1.29)    1.46 (1.30, 1.63)                         
  Road defects (ref: no)                        Yes        1.47 (1.23, 1.57)    1.96 (1.70, 2.25)                         
  Vehicle defects (ref: no)                     Yes        1.24 (1.08, 1.57)    1.40 (1.25, 1.57)                         

Values are presented as adjusted odds ratio (95% confidence interval).

N/A, not applicable.

###### 

Potential impact fraction (PIF) on urban and rural roads

  Risk factors                        Sex                    PIF on urban roads (%)   PIF on rural roads (%)                                                                        
  ----------------------------------- ---------------------- ------------------------ ------------------------ ---------------------- ---------------------- ---------------------- ----------------------
  Speeding                            Male                   44.07 (39.88, 48.25)     21.70 (20.71, 25.90)     32.89 (29.77, 36.01)   76.24 (68.99, 83.48)   37.00 (33.48, 40.51)   62.23 (56.31, 68.14)
  Female                              43.49 (39.36, 47.62)   22.01 (19.91, 24.09)     30.06 (27.20, 32.91)     48.21 (43.63-52.79)    38.20 (34.50, 41.74)   56.00 (5.68, 61.32)    
  Drunk driving                       Male                   0.28 (0.25, 0.30)        0.14 (0.12, 0.15)        0.28 (0.25, 0.30)      1.36 (1.23, 1.48)      0.68 (0.61, 0.74)      1.35 (1.22, 1.47)
  Female                              0.25 (0.22, 0.27)      0.13 (0.11, 0.14)        0.25 (0.22, 0.27)        0.86 (0.77-0.94)       0.43 (0.38, 0.47)      0.85 (0.76, 0.93)      
  Drug abuse                          Male                   1.35 (1.22, 1.47)        0.67 (0.60, 0.73)        1.43 (1.21, 1.46)      2.11 (1.90, 2.31)      1.06 (1.21, 1.46)      2.10 (2.08, 2.89)
  Female                              0.52 (0.47, 0.56)      0.26 (0.23, 0.28)        0.51 (0.46, 0.55)        2.67 (2.21, 2.92)      1.34 (1.21, 1.46)      2.64 (2.38, 2.89)      
  Driver fatigue and drowsiness       Male                   1.53 (1.38, 1.67)        0.77 (0.69, 0.84)        1.17 (1.05, 1.28)      12.21 (11.05, 13.37)   5.15 (4.68, 5.61)      11.30 (10.22, 12.33)
  Female                              1.04 (0.94, 1.13)      0.52 (0.69, 0.84)        0.74 (0.66, 0.81)        10.61 (9.60, 11.61)    5.26 (4.70, 5.75)      9.79 (8.59, 10.71)     
  Non-use of driver-side seat belts   Male                   12.36 (11.18, 13.55)     6.18 (5.59, 6.76)        10.71 (9.69, 11.72)    28.25 (25.57, 30.93)   14.13 (12.78, 15.47)   25.47 (23.05, 27.89)
  Female                              15.37 (13.91, 16.83)   7.71 (6.97, 8.44)        13.10 (11.85, 14.34)     24.12 (21.82, 26.41)   12.06 (10.91, 13.20)   21.54 (19.49, 23.58)   
  Non-use of motor-cycle helmets      Male                   20.71 (18.74, 22.67)     16.49 (14.92, 18.05)     18.97 (17.16, 20.77)   33.17 (30.02, 36.32)   10.25 (9.27, 11.22)    33.17 (30.02, 26.32)
  Cell phone use while driving                               48.19 (43.61, 52.77)     24.09 (21.80, 26.37)     36.94 (33.43, 40.45)   48.19 (43.61, 52.77)   24.09 (21.80, 26.37)   36.94 (33.43, 40.45)
  Non-use of child restraints                                52.25 (47.28, 57.21)     28.63 (25.89, 36.91)     46.67 (43.14, 52.20)   52.25 (47.28, 57.21)   28.63 (25.89, 36.95)   46.76 (43.14, 52.20)
  Insufficient road lighting                                 6.37 (5.76, 6.90)        3.21 (2.90, 3.51)        5.94 (5.37, 6.50)      21.12 (19.11, 23.12)   10.59 (9.85, 1.59)     19.78 (17.89, 21.56)
  Road defects                                               7.61 (6.88, 8.33)        3.75 (3.93, 4.10)        5.40 (4.48, 5.91)      19.26 (17.42, 21.08)   9.68 (8.76, 10.59)     16.67 (15.08, 18.25)
  Vehicle defects                                            3.71 (3.35, 4.06)        1.89 (1.71, 2.06)        1.34 (1.21, 1.46)      8.00 (7.23, 8.76)      4.06 (3.67, 4.44)      4.19 (3.79, 4.58)

Values are presented as PIF (95% confidence interval).
